Objective: To investigate whether serum vitamin D level predicts the risk of Parkinson disease.
V
ITAMIN D PLAYS AN IMPORtant role in the pathogenesis of skeletal disorders and calcium homeostasis. 1 Vitamin D inadequacy also predicts increased risk of other chronic conditions, eg, cancer, 2 cardiovascular diseases, 3 and type 2 diabetes mellitus. 4 Recently, chronically inadequate vitamin D intake was proposed to play a significant role in the pathogenesis of Parkinson disease. 5 According to the suggested biological mechanism, Parkinson disease may be caused by a continuously inadequate vitamin D status leading to a chronic loss of dopaminergic neurons in the brain. The epidemiological evidence of an association between vitamin D and Parkinson disease is, however, limited to cross-sectional studies [6] [7] [8] showing lower vitamin D status in patients with Parkinson disease compared with healthy controls.
Parkinson disease is a major cause of disability in elderly individuals. Its risk factors are relatively unknown. However, both biological plausibility and epidemiological data indicate that vitamin D deficiency may contribute to its development. 5 The present cohort study investigated whether serum 25-hydroxyvitamin D level predicts Parkinson disease incidence in a population from northern latitudes where exposure to the sun is limited and therefore vitamin D status is continuously low.
METHODS
The Mini-Finland Health Survey, carried out from 1978 to 1980 in 40 areas of Finland, was based on a 2-stage cluster sample (n=3637 men and n=4363 women) drawn from the population register to represent Finnish adults 30 years and older. 9 A total of 7217 individuals (90% of the sample) participated in the survey. Of these, 3173 individuals, aged 50 to 79 years, free of Parkinson disease and not using antipsychotic medication to treat psy-
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chotic disorders (International Statistical Classification of Diseases, 10th Revision codes F20-F39), were included in the present study. Information on socioeconomic background, diseases, medications, and lifestyle was collected via questionnaires and interviews. 9 At the baseline examinations, height and weight were measured, and the body mass index was calculated as weight in kilograms divided by height in meters squared. Casual blood pressure was measured with the auscultatory method and hypertension was defined as systolic blood pressure 160 mm Hg or higher and diastolic blood pressure 95 mm Hg or higher or the use of antihypertensive medication. Blood samples were taken and the cholesterol concentrations determined by an autoanalyzer modification (Auto-Analyzer Methodology N-24a and N-77; Technicon, Tarrytown, New York) of the LiebermannBurchard reaction. The serum samples were kept frozen at −20°C until 2002, when serum 25-hydroxyvitamin D concentrations were determined using radioimmunoassay (DiaSorin, Stillwater, Minnesota). The interassay coefficient of variation of 25-hydroxyvitamin D concentration determination was 7.8% at the mean level of 47.3 nmol/L (n = 167). The intra-assay coefficient of variation was 6.4%. The samples were run as single samples. The right assay level was ensured by using the reference serum validated by the National Institute of Standards and Technology (Standard Reference Material 968c Fat-Soluble Vitamins; National Institute of Standards and Technology, Gaithersburg, Maryland). The laboratory also participates in the external quality control program run by Labquality Oy (Helsinki, Finland) . In addition, the laboratory's vitamin D concentration measurement method is accredited by the Finnish Accreditation Service (FINAS, T077).
Parkinson disease cases (International Statistical Classification of Diseases, 10th Revision code G20) were identified through linkage with the nationwide Drug Imbursement Register of the Social Insurance Institution, using individual social security codes as the identity link. All individuals in Finland with Parkinson disease are eligible for medication free of charge. To obtain this allowance, the patient must apply for it and attach a certificate written by the treating neurologist stating that all the diagnostic criteria for Parkinson disease are met. This certificate must include symptom history and reports of clinical findings, including the presence of resting tremor, bradykinesia, and/or muscle rigidity. A Social Insurance Institution neurologist must agree with the diagnosis as described on the certificate for medication costs to be reimbursed. In an ongoing validation of the register, the certificates for Parkinson disease drug reimbursement and selected hospital records were reevaluated retrospectively by a neurologist according to the National Institute of Neurological Disorders and Stroke diagnostic criteria for Parkinson disease. 10, 11 Of the originally identified Parkinson disease cases reviewed, 80% met criteria for Parkinson disease ( J. Lyytinen, MD, PhD, oral communication, January 2009), consistent with other estimates of the percentage of people clinically diagnosed with parkinsonism in a general population who meet strict Parkinson disease criteria. 12 The follow-up time was defined as the number of days from the baseline examination to the dates of Parkinson disease occurrence, death, or end of follow-up, whichever came first. During a 29-year follow-up from 1978 to 2007, 50 Parkinson disease cases were identified.
The Cox proportional hazards model was used to estimate the strength of association between serum vitamin D level and Parkinson disease incidence as relative risks (RRs) and their 95% confidence intervals (CIs) between quartiles of serum vitamin D level. 13 Test for trend was based on the likelihood ratio test by including serum vitamin D level as a continuous variable in the 3 models. The first model included age and sex as potential confounders. The second model further included marital status, education, alcohol consumption, leisure-time physical activity, smoking status, body mass index, and month of blood draw. In a third model, the eventual intermediary variables hypertension and total serum cholesterol level were further included. Potential effect modification of sex, age, season, hypertension, body mass index, and serum cholesterol level on the association between vitamin D level and Parkinson disease incidence was studied by including interaction terms in the second model. All analyses were carried out using SAS software version 9 (SAS Institute Inc, Cary, North Carolina).
RESULTS
At baseline, Parkinson disease cases more often were nonsmokers and did not have hypertension or diabetes than subjects who were free of the disease ( Table 1) . Serum vitamin D concentration was lower among Parkinson disease cases and it was also associated with age, sex, marital status, education, leisure-time physical activity, smoking, alcohol consumption, body mass index, diabetes, hypertension, serum cholesterol level, and the season of measurement ( Table 2) .
A significant inverse association between sex-and ageadjusted serum vitamin D level and Parkinson disease incidence was found ( Table 3 ). The RR of the disease between the highest and lowest quartiles of vitamin D concentration was 0.35 (95% CI, 0.15-0.81; P for trend=.006). After further adjustment for the potential confounders, including body mass index, leisure-time physical activity, smoking, education, marital status, alcohol consumption, and month of blood draw, the association persisted (RR, 0.33; 95% CI, 0.14-0.80; P for trend=.006). Further adjustment for serum cholesterol level and hypertension or exclusion of the disease cases occurring during the first 2 years of follow-up did not notably alter the results either. Inclusion of an interaction term between vitamin D level and sex, age, body mass index, serum cholesterol level, blood pressure, and the season of measurement did not notably alter the results (data not shown).
COMMENT
This cohort study shows that low serum vitamin D level predicts an elevated risk of Parkinson disease incidence. Individuals with a serum vitamin D concentration of at least 50 nmol/L had a 65% lower risk than those with values less than 25 nmol/L after adjustment for several potential confounders. Despite the overall low vitamin D levels in the study population, a dose-response relationship was also found. Vitamin D is obtained from diet and is photosynthesized in the skin by the action of solar UV-B radiation. This study was carried out in Finland, an area with restricted sunlight exposure, and is thus based on a population with a continuously low vitamin D status. Accordingly, the mean serum vitamin D level in the present population was about 50% of the suggested optimal level (75-80 nmol/L).
14 Our findings are thus consistent with the hypothesis 5 that chronic inadequacy of vitamin D is a risk factor for Parkinson disease.
As far as we know, this is the first longitudinal study to investigate the association between vitamin D status and subsequent Parkinson disease occurrence. In line with our finding, however, previous cross-sectional studies demonstrated the higher prevalence of hypovitaminosis D in patients with Parkinson disease than in healthy controls. [6] [7] [8] The exact mechanisms by which vitamin D may protect against Parkinson disease are not fully understood. Vitamin D has, however, been shown to exhibit neuroprotective effects through antioxidative mechanisms, neuronal calcium regulation, immunomodulation, enhanced nerve conduction, and detoxification mechanisms. 5, 15, 16 The vitamin D receptors and an enzyme responsible for the formation of the active form 1,25-hydroxyvitamin D have been found in high levels in the substantia nigra, the region of the brain affected most by Parkinson disease. 15 This raises the possibility that chronic inadequacy of vitamin D leads to the loss of dopaminergic neurons in the substantia nigra region and further Parkinson disease.
The strengths of the present study are the apparent longterm inadequacy of vitamin D 17 and the prospective design. There are, however, some weaknesses. First, the small number of cases may have caused instable results. Second, only a single measurement of serum 25-hydroxyvitamin D was available, which fails to take into account the intraindividual seasonal variation. However, no measurements were carried out during July and no interaction between serum vitamin D concentration and season (sunny vs dark period) was observed. Serum vitamin D level is relatively stable over time. 18 The possibility that levels changed during long-term storage cannot, however, be excluded. 19, 20 Third, it is possible that the study population includes undefined Parkinson disease cases and also that all patients with Parkinson disease diagnoses are not definite cases. Because of the low prevalence of the disease, the former error is not of great importance. The latter error may, however, have biased the estimates of the strength of association. Fourth, the limited information on dietary intake of vitamin D is of potential concern. The major dietary source of vitamin D is fatty fish, whose consumption is also suggested to be beneficial against Parkinson disease because of -3 polyunsaturated fatty acids. 21 The findings are, however, contradictory, 22 and vitamin D level has several other determinants. 23 Fifth, the risk factors for Parkinson disease are not well known, and therefore, despite comprehensive adjustments for potential confounders, residual confounding may still remain.
In conclusion, our results are in line with the hypothesis that low vitamin D status predicts the development of Parkinson disease. Because of the small number of cases and the possibility of residual confounding, large cohort studies are needed. In intervention trials focusing on effects of vitamin D supplements, the incidence of Parkinson disease merits follow up. 
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